The effects of dietary fat or fructose supplementation during late gestation and lactation on sow milk production and composition and on progeny were examined. On d 88 of gestation, 24 sows were allotted by parity to three dietary treatments (eight sows/treatment). Treatments were 1) a 12.5% crude protein, corn-soybean meal control, 2) the control + 10% added fat or 3) the control + 23% high fructose corn syrup. All treatments were fed to supply 1.82 kg/d of the control diet from d 89 of gestation to parturition with sows in treatments 2 or 3 receiving .18 kg of additional fat or. 53 kg of additional high fructose corn syrup, respectively. Feed was gradually increased from d 1 to 7 of lactation to 4.54 kg/d of the control diet (plus .45 kg of added fat and 1.33 kg of added fructose for treatments 2 and 3) and remained at these levels for the remainder of the 21 d lactation period. All treatments were iso-nitrogenous; treatments 2 and 3 were iso-caloric. Litter birth weights, number of pigs born alive, weaning weights and piglet survival rate were not affected by sow treatment. Stillbirths were less (P<.05) for sows fed fat. Lipid content of milk 24 h postfarrowing was greater (P<.05) from sows fed fat compared with sows fed fructose. Milk production estimates indicated that multiparous sows fed fat produced more (P<.05) milk than sows fed the control diet. On d 112 of gestation and d 15 of lactation, serial blood samples were drawn to monitor sow response to a glucose challenge (1 g/kg body weight). Glucose clearance rate was increased (P<.05) during lactation in sows fed fat. Plasma glucose and triglyceride concentration in piglets at 2 h after birth were not affected by sow treatment. Piglets from dams receiving fructose tended to have lower (P<.l) plasma fructose. Free fatty acid concentrations were higher (P<.l) in piglets from sows fed either fat or fructose.
Introduction
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6 Dept. of Anim. Sci., Univ. of Florida. Received December 22, 1986 . Accepted June 11, 1987 tion and(or) lactation (Boyd et al., 1978a,b; Seerley et al., 1981; Coffey et al., 1982; Cieslak et al., 1983; Lawrence and Mitchell, 1983) . Pettigrew (1981) reported higher lipid content of colostrum from sows fed fat during late gest~ttion as compared with sows fed fat only during lactation. He concluded that more consistent improvement in survival resulted when fat was provided during both gestation and throughout lactation as compared with supplementation only during lactation.
In most studies supplemental energy has been supplied by carbohydrates (corn starch) to provide isocaloric control treatments, and feeding carbohydrates has not altered milk production and composition or resulted in improved piglet survival. White et al. (1984a,b) fed fructose or dextrose to lactating sows and found that fructose elevated plasma glucose and lowered insulin concentrations. The authors suggested that this glucose-sparing effect enhanced nutrient availability to the mammary 1249 J. Anim. Sci. 1987 Sci. . 65:1249 Sci. -1256 gland and resulted in increased milk yield and heavier pigs at weaning. Decreased glucose clearance and elevated plasma glucose are characteristics of alterations that result from diabetes. Rendering sows diabetic during late gestation increases liver glycogen and lipids, increases carcass lipids and improves energy status of neonatal pigs (Ezekwe and Martin, 1978; Ezekwe et al., 1984) . The effect of feeding fructose to sows during gestation has not been examined. Therefore, the purpose of the present study was to compare fat and fructose as sources of supplemental energy during late gestation and throughout a 21-d lactation on the sow's glucose and insulin status, production and composition of milk, and characteristics in the piglet that are important to survival.
Materials and Methods
On d 88 of gestation, 24 crossbred sows (Yorkshire x Hampshire) were allotted based on parity to three dietary treatments (eight sows/treatment, three primiparous and five multiparous sows/treatment). Dietary treatments were 1) a 12.5% crude protein, fortified corn-soybean meal control diet (table 1) , 2) the control diet + 10% added fat and 3) the control diet + 23% high fructose corn syrup. All sows were fed 1.82 kg/d of the control diet from d 89 to gestation to parturition; and sows in treatments 2 or 3 were fed .18 kg of additional fat or .53 kg of additional high fructose corn syrup, respectively ( 3, respectively. Feeding remained at this level for the remainder of the 21-d lactation period. All diets were iso-nitrogenous and diets 2 and 3 were iso-caloric. The diets were provided as a complete mix, and daily portions were preweighed and stored in plastic bags until fed.
The study was conducted from August through October in Gainesville, Florida. Average maximum and minimum daily temperatures ~ were approximately 29 and 17 C. During gestation, sows were penned in outside dirt lots. Sows were confined to feeding stalls each morning until ~he last sow had finished eating (approximately 30 min). On d 109 of gestation, sows were washed, weighed and placed in an enclosed farrowing facility that had crates positioned over slatted wooden flooring. Temperature was regulated thermostatically by fan ventilation.
At birth, piglets were weighed, ear notched, needle teeth and tails were clipped and navel cords were tied and dipped in iodine. Males were castrated at d 3 of age. Blood from a fasted male and female piglet (closest to the average pig weight in the litter) was sampled at 2 h after birth via orbital puncture. Plasma samples were assayed for glucose, triglycerides, fructose and free fatty acids. Piglets were weighed again on d 14 and at weaning (d 21).
During gestation (d 111) and lactation (d 14), sows were fitted with indwelling jugular cannulae and fasted for the subsequent 24 h. The next day a baseline blood sample was drawn, followed by infusion of a 50% glucose solution to deliver 1 g glucose/kg body weight. This was followed by 50 ml of .9% saline. Serial blood samples were taken 5, 10, 20, 30, 40, 50, 60, 70, 80, 90, 120, 150, 180, 210 and 240 min post-infusion to minotor changes in glucose and insulin in response to the glucose challenge. Glucose clearance rates were calculated from the post-infusion highest (glul) to lowest (glu2) plasma glucose values ( [(log(glu 1) --log(glu2))/(time 1 --time 2)] • 100}for each animal.
Plasma glucose concentrations were determined with an automated glucose analyzer s using glucose oxidase reagents 9. Triglyceride concentrations were determined spectrophotometrically t~ by an enzymatic procedure n . Plasma fructose concentrations were determined using a high performance liquid chromatograph n equipped with a carbohydrate analysis column 13 and insulin was determined as described by White et al. (1984b) . CContained 110 g chlorotetracycline/kg of the antibiotic premix. milk sample. Total milk fat was determined by petroleum ether extraction for 72 h using a soxhlet apparatus. On d 14 of lactation, milk yield of sows was estimated by the weigh-suckleweigh method (Lewis et al., 1978) .
The data were analyzed as a randomized complete block design (Steel and Torrie, 1980) using least-squares analysis of variance according to the General Linear Models procedure of the Statistical Analysis System (SAS, 1982) . If the F test was significant (P<.05) single-degree-offreedom contrasts were used to determine differences between individual treatment means. Independent variables in the model were treatment, parity (primiparous or multiparous) and their interaction for milk production and litter performance data; sex was added to the model to examine piglet blood plasma constituents. Individual sow nested within treatment was used as the error term to test for effects of treatment on sow plasma glucose and insulin, and the model also included status (gestation or lactation), time and their interactions.
Plasma free fatty acids were determined by modification of the extraction method of Dole and Meinertz (1960) , followed by the colorimetric technique of Saloni and Sardina (1973) for quantitation. The plasma sample (.1 ml) was extracted with 5 ml iso-propanol/heptane/H2 SOa mixture (40:10:1, v:v:v, Dole Reagent). One milliliter CO2-free water and .7 ml of the heptane were added. After 15 min, .5 ml of the heptane (top) phase was removed. To this phase, .67 ml chloroform:heptane (5:1 ; v:v) and .83 ml of cobalt reagent (7.36 ml triethanolamine, 38.15 ml saturated Na2SO4 and 54.5 ml of a cobalt nitrate solution -6 g Co(NOa)2.6H20 and .8 ml glacial acetic acid made to 100 ml volume with filtered saturated K2SO4 solution)were added. The tube was vortexed for 3 rain then centrifuged (754 • g) for 15 min. From the center of the top phase, .5 ml was removed and mixed with .63 ml of the indicator (.2 g a-nitroso-fl-napthol in 50 ml 95% ethanol). After 30 rain, the optical density of the blank, standard and sample were determined at 500 nm. Fatty acid standards were diluted with the Dole reagent from a stock solution of .01 M palmitic acid in heptane, and ranged from 2 x 10 -4 to 1 • 10 -3 M.
On d 1 and 3 of lactation, sows were injected intramuscularly with 40 USP units of oxytocin. All functional mammary glands were completely expressed by hand to obtain a representative
-Results and Discussion
The dietary treatments did not alter (P>.05) changes in sow weights during the farrowing and lactation periods (table 3) . However, sows fed the higher energy diets (fat or fructose) tended to lose less weight. There was no difference in piglet survival rate due to treatment. Pettigrew (1981) concluded that when herd survival rates were above 80% the survival response from added fat was small. Survival rate of litters from sows fed the control diet was 89.1%.
The number of piglets born alive was not different, but the number of stillbirths was fewer (P<.05) from sows fed fat. This agrees with previous results of Coffey et al. (1982) , who reported decreased occurrence of stillbirths from sows fed .18 or .27 kg/d fat for the last 35 d of gestation.
Even though differences were not significant, litter birth weights and individual pig weights tended to be higher for sows fed fat or fructose compared with the control. Previous reports (Okai et al., 1978; Boyd et al., 1978b; Seerley et al., 1978; Coffey et al., 1982) have suggested that increasing dietary energy fed to sows during late gestation may result in increased piglet birth weight. Average 14-and 21-d piglet weights were not altered (P>.05) by treatment, but average daffy gain of piglets whose dam were fed fat tended to be increased. Cieslak et al. (1983) also reported increased growth rate of piglets from dams fed fat.
Total lipid in colostrum sampled 24 h postfarrowing (table 4) was greater (P<.05) from sows fed fat compared with sows fed fructose. Milk from sows in the control group was intermediate in lipid content. Milk samples 72 h post-farrowing did not differ significantly in lipid content. Increased lipid content of colostrum and(or) milk has been previously reported in response to the addition of fat to sow diets and is likely important to piglet survival, particularly during the first 3 to 5 d post farrowing (Pettigrew, 1981) .
Milk production estimates at d 14 indicated that the greatest volume of milk was produced by sows fed fat, followed by sows fed fructose, then by sows fed the control diet (table 4) . There was a treatment x parity interaction (P<.05). The treatment means for primiparous sows were not different but multiparous sows fed fat produced more (P<.05) milk than sows fed the control diet. Feeding fructose resulted in an intermediate level of milk production that was not different (P>.05) from sows fed the control or fat-supplemented diet. Increased milk production has been a consistent result of supplementing sow diets with fat during lactation (Pettigrew, 1981; Coffey et al., 1982) . The increased milk production and(or) higher lipid content of colostrum may account for the tendency toward faster gains in piglets nursing sows fed fat. In contrast to results of the present study, White et al. (1984a) reported increased milk production on d 14 and 21 by sows fed fructose compared with sows receiving a control corn-soybean meal diet. Mean plasma glucose and insulin following the glucose challenge were not affected by treatment, whether measured during gestation (d 112) or during lactation (d 15; table 5). White et al. (1984b) reported elevated glucose and lower insulin levels pre-and post-prandial from feeding fructose during lactation, but alterations in plasma glucose and insulin did not result when fructose was fed during gestation (Kveragas and Seerley, 1985) . Although the data are not presented, baseline (preinfusion) sow plasma glucose and insulin concentrations were not altered by sow dietary treatment during gestation or lactation.
Glucose clearance rates were similar across treatments during gestation (table 5) . Kasser et al. (1981) reported a linear reduction in rate of tissue clearance of glucose during late gestation as fat supplementation was increased from 5 to 10 to 15% of the diet (3.70, 2.75 and 2.70 %/min, respectively) and speculated that decreased maternal tissue glucose clearance Spencer and Rook (1971) showed that plasma, glucose was the main con~GiJJent of milk lactose, accounting for approtimltely 70% of the precursors. Further, glucose was a major contributor toward citra~ and glyceride glycerol (42 and 38% of the preeuumors, respectively) in mn~lk Increased utaizmon of glucose by the mammary gland would be required to support incl~msed milk productiOXL Tbe~ was neither a sex effect nor a treatment x sex interaction on plasma constituents measured in piglets 2 h after birth; therefore, dst~ from male and female piglets ~ pooled (table 6) . Sow treatment did not affect piglet plJcm, glucose concenuation. Others (Seedey et aL, 1974; Boyd et aL, 1978a) have reported devated blood glucose in piglets as a result of feeding lipids to sows during gestation. Glucose concentrations in this study were higher (approximately 34%) than those teport~ by Pettigt~'w ct aL (1971) and Kasser et aL (1982) . They noted that piglet serum glucose increased during the first 2 and 12 h after birth, respeetively. In the present study, the higher glucose concentrations may zeflcct the sampling time (2 h aft~ birth).
Plasma f~actose concentrations tended to be lowu (P<.I) in piglets whose dams WCLC fed fructose. ~igrew et aL (1971) v~ted that piglet w~ight gain and survival were negatively correh_red to plasma fructose level at birth, and suggem~ a relationship betw~a lower fxuctose concentrations at birth and greater physiological matarity.
Cono~atrations of free fatty acids tended to be highex (P<.l) in piglets from sows fed fat or f~actose. The increase in free fatty acid concentrations within 2 h after birth could be importang to survival Piglets have limited stores of glycogen and lipid at birth (Okai et aL, 1978; Pegorier et aL, 1982) , and can only inczease lewds of circulating free fatty acids to a small degree during periods of starvation and cold stress (Curtis and Rogler, 1970; Gentz et aL, 1970) . The inability of the pigtct to mobilize free fatty acids in support of gluconeogenefis is considered a major factor contributing to neonatal piglet mortality (Swiatek et aL, 1968) . Plasma triglyceride concenwation was not altered by sow treaunem_
Results from the present study confum the effects of dietary fat to increase milk ~duc-tion by the multiparons sow and lipid content of colostruuL Pcttigrew (1981) spcculat~ that these may be the most important factors related to increased piglet survivaL Higher levels of free fatty acids at birth suggest an improved energy status in p~-ts from sows fed fat. The different response between primiparous and multiparous hctating sows to dietary fat has not been reported previously. Primiparous sows may have a lower potential for milk production than multiparous sows; therefore, ~ may not have been a factor limiting maximum production. Milk production was not significandy increased as a result of feeding fructose, and colostrum from sows fed fructose had lower total lipid~ Supplying extra energy from fructose during late gestation did result in elevated free fatty acids 2 h after birth.
The alteration of glucose clearance rate during lactation inustrates that changes in glucose utilization by the sow can be achieved by manipulating the dietary energy source; however, the physiological basis for this is not dear. Steele et al. (1985) reported that sows fed a diet containing corn oil compared with those fed added glucose had enhanced pituitary sensitivity to thyrotropin releasing hormone, which resulted in greater prolactin and growth hormone secretion. They speculated that dietary lipid may alter maternal pituitary prolactin synthesis or release. It has been shown that feeding dietary fiber during hctation will modify sow hormonal profiles and result in increased milk lipid concentration but dietary fiber did not affect milk production (Bryan et al., 1984) . It would appear that diet has the potential to alter metabolic activity, and the changes are likely to be related to the volume and(or) composition of milk produced. Further research will be required to understand the relation~hlp of nutrition to lactation performance of the sow.
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